Many migratory bird species that reproduce in the Artic region migrate towards the southern hemisphere as the boreal winter approaches (BERTHOLD 1993) , and these long migrations are related to the reproductive cycle of the Nearctic migratory Charadriiformes. The adult individuals of these species leave their breeding regions toward wintering areas in North and South America, where they will moult and then acquire new plumage (HARRINGTON & MORRISON 1979) .
Every year Brazil receives large flocks of nearly 40 migratory shorebirds species (AZEVEDO-JÚNIOR 1998) . ANTAS (1983) described four main migratory routes in the country. The Atlantic Route describes a pathway from Amapá to Rio Grande do Sul, with a number of wintering sites along the coast. These wintering sites are important areas for maintaining these populations and conserving many distinctive species (TELINO-JÚNIOR et al. 2003) .
The accumulation of body fat and nutrients during the summer is necessary for the long return flights of these birds and is fundamental for feather moulting and the change of their plumage (GILS & WIERSMA 1996 , BATTLEY 1999 0. As such, body mass is an essential factor in our understanding of the migration patterns. Each pattern of body-mass gain in these birds represents a different survival strategy -short flights with many stopping points for feeding, for example, or long-distance flights with few resting or feeding stops along the way (ZWARTS et al. 1990) .
Arenaria interpres (Linnaeus, 1758) (Aves, Scolopacidae) is a long-distance migratory bird with circumpolar distribution. These birds reproduce in the Arctic region and immature individuals spend the boreal summers in those same sites. Five populations of this species have been identified migrating along different routes. These different groups reproduce in northeastern Alaska and the Canadian Arctic and then move along the Pacific and Atlantic coasts toward Central and South America, concentrating large numbers of wintering birds along the eastern coast of both North America and South America (GILS & WIERSMA 1996) .
In Europe, Africa and Australia relations between moult, mass variation and pre-migratory and wintering period in some shorebirds, including A. interpres have been described (e.g. SUM- MERS et al. 1989 , ENS et al. 1990 , ZWARTS et al. 1990 , HARRINGTON et al. 1991 , GILS & WIERSMA 1996 , HELSETH et al. 2005 . We present here an assessment of the relationship between body mass and plumage change in A. interpres over time during its wintering period on the Brazilian coast.
MATERIAL AND METHODS
The information used in our analyses originated from the data bank maintained by the Centro Nacional de Pesquisa para Conservação das Aves Silvestres (Cemave/ICMBio), as well as from field research undertaken by the authors from 1997 to 2007. The traditional stopover sites ( Fig. 1) 3) Diamante Branco Saline, Galinhos, state of Rio Grande do Norte (05º05'S, 36º16'W): this site is considered to be one of the most important salt flats in Brazil. In addition to the 2,500 ha used for salt extraction, the area also has sandy beaches, estuaries, and mangrove swamps. 4) Coroa do Avião, Igarassu, state of Pernambuco (7º40'S, 34º50'W): a small island that was formed by sand deposition in the 1980's at the mouth of the Canal de Santa Cruz river on the northern coast of the state of Pernambuco, approximately 50 km north of the state capital at Recife. 5) Lagoa do Peixe National Park, Tavares, state of Rio Grande do Sul (31º10'S, 51º0'W). This National Park covers an area of 34,000 ha. The area was included in the Hemispheric Shorebird Reserve Network, and was recently established as a Biosphere Reserve.
Birds were considered as adults if they displayed the characteristic eclipse (no-breeding), intermediate, or breeding plumage (HAYMAN et al. 1988) . The designation of moulting refers to the body feathers (GINN & MELVILLE 1995) and the body mass was obtained using a dynamometer.
Due to geographical distances, the data of sites of the north and northeastern were analyzed separately of the data obtained in Brazil south. Body mass and plumage types (eclipse, intermediate, and breeding) of adult individuals were compared using the analysis of variance (ANOVA). In order to establish the existence of temporal variations in body mass and plumage acquisition, the body masses and the plumage percentages were graphed on a daily basis from September to May, which corresponds to the wintering period for A. interpres along the Brazilian coast. A regression equation was also derived in order to estimate daily mass gain during the departure period (April and May -the period of greatest mass gain; see results. Analysis of variance was also used to compare body mass among individuals with different types of plumage and those were or were not in the process of body moult. Statistical analyses were performed using Statistica 7.0 (StatSoft, Inc.) software package. Significance level was set at p < 0.05. (Fig. 2) . Although significant variation has not been observed in the south coast, the masses of the individuals with intermediate and breeding plumages were larger than eclipse (Fig. 2) . Perhaps the confidence intervals of Lagoa do Pexe data were big due to the small n of samples, when compared to northnortheastern coast. During the month of September, individuals with intermediate or breeding plumage had lower body masses as compared to other months (Fig. 3) . From October to December, adult individuals were only observed with eclipse plumage and had average body masses of approximately 100 g. In March, individuals with intermediate, eclipse and breeding plumages were recorded, but their average body mass remained at approximately 100 g. In April and May the numbers of individuals with breeding or intermediate plumage increased, and they had significant increases in body mass.
RESULTS

Of 190 examined individuals of the
A regression equation was derived for the pre-migratory mass increase period based on the mean mass of individuals in April and May. In the north-northeastern coast, the birds'body mass increased 1.5g/day, on average (mass = 90.2273 + 1.1498* day), which corresponds to an average daily percentage weight gain of 1.86% when starting from the body mass observed in the last days of March; while in the south coast, the increase was of 2.3g/day, on average (mass = 77.6634 + 2.3329* day), which corresponds to an average daily percentage weight gain of 2.29%.
The body masses of individuals varied in agreement with the occurrence of moult in the two areas, north-northeastern (F = 9.8322, p < 0.0001) and south coast (F = 5.1693, p = 0.0502). In both cases, the masses of the non-moulting birds with intermediate and breeding plumage were larger than the body masses of individuals with moult or eclipse plumage (Fig. 4) .
The average body mass of birds with eclipse plumage between December and March, in the north-northeastern coast, was 102 g; an average mass of 111 g was recorded during the months of April and May for birds with intermediate or breeding plumage and that were moulting their body feathers; an 
DISCUSSION
The winter period of Charadriiformes along the Brazilian coast extends from August to May (GILS & WIERSMA 1996 , RODRIGUES 2000 . The arrival of A. interpres with breeding or intermediate plumage during September is associated with birds with residual plumage from their reproductive period. Between 
3
October and February, this species displays eclipse plumage. In March, individuals with intermediate or breeding plumage begin to appear, increasing in frequency in April and May (the months in which this species begins its migration towards the northern hemisphere) (AZEVEDO-JÚNIOR et al. 2001) . During May and June, large flocks of these birds concentrate on the eastern coast of North America (CLARK & NILES 1993) . The populations of A. interpres that wintering in Scotland, Sweden, Australia, South Africa, and Mauritania return to the Northern Hemisphere during April and May (SUMMERS et al. 1989 , GILS & WIERSMA 1996 , ENS et al. 1990 , ZWARTS et al. 1990 , HELSETH et al. 2005 , following the beginning of the substitution of the eclipse plumage by intermediate or breeding plumage in March in Mauritania (ENS et al. 1990 , ZWARTS et al. 1990 ). These patterns suggest that the biological cycles regulating plumage changes and migration patterns in this species are temporally equivalent, independent of their migratory routes.
Body mass is directly involved in the process of migration, and various authors have examined this relationship in other species of Charadriiformes (e.g., SUMMERS et al. 1989 , ENS et al. 1990 , ZWARTS et al. 1990 , HARRINGTON et al. 1991 , BATTLEY 1999 , AZEVEDO-JUNIOR et al. 2002 , BALACHANDRAN et al. 2000 , FEDRIZZI et al. 2004 , HELSETH et al. 2005 , MEISSNER & KAMONT 2005 . ZWARTS et al. (1990) demonstrated that a sudden and continuous loss of body mass occurs in captured birds, which must be taken into account in studies that examine and compare body mass. In the case of the present work, however, we were not greatly concerned with this type of weight loss as the birds were weighed no more than two hours after capture -while the highest rates of weight loss begin three hours after capture (ZWARTS et al. 1990 ). Generally, a large interval between capture and processing only occurs when captures are made using cannon nets -in which the number of captured individuals is very high in comparison to the mist-nets used in the present work.
The increase in body mass and the substitution of eclipse plumage by intermediate or breeding plumage occurs simultaneously in A. interpres along the Brazilian coast. This synchrony between mass gain and plumage acquisition has also been confirmed in various other species of Charadriiformes during their pre-migratory period, and was previously described for A. interpres in Mauritania (ENS et al. 1990 , ZWARTS et al. 1990 .
Since the work of STRESEMANN & STRESEMANN (1966) , it has been widely accepted that migration and changes in wing feathers are mutually exclusive processes. However, this association is not as clear for changes in body feathers (ZWARTS et al. 1990) . The data presented here demonstrates that the heaviest individuals are not moulting body feathers, whereas those birds undergoing body-feather moult, even pre-nuptial plumage in the months of April and May, have significantly less body mass (a mass equivalent to that seen in individuals with eclipse plumage or to that seen among the general population during the month of March). This data supports the assertion that migration and moult are mutually exclusive processes, even body moult. ZWARTS et al. (1990) demonstrated that birds that will migrate over long distances but have not completed their prenuptial moult (although otherwise ready to initiate migration) can suspend that moult and then continue it in localities nearer to reproduction sites.
As moult and migration are not simultaneous processes in A. interpres wintering along the Brazilian coast, we suggest that the average body mass at the start of migration in this species is 124 g in the north-northeastern coast and 143 g in the south coast, corresponding to the average body mass of those individuals with intermediate or breeding plumage and not undergoing moult. This mass represents an increase of almost 30 and 45% in relation to the average mass observed until the month of March, respectively (that is, before the start of body mass accumulation). ENS et al. (1990) reported that the departure body mass of 135 g for A. interpres in Mauritania is equivalent to an increase of 35%, which is very close to the 34% increase noted by ZWARTS et al. (1990) . SUMMERS et al. (1989) found increases of approximately 28 and 44% in body mass in the months of April and May respectively in South Africa, although the absolute average departure masses for these birds were 147 and 164 g respectively. These authors also noted a mass increase of approximately 28% in A. interpres in May alone in Scotland, with the birds there reaching an average weight of 132 g. These comparisons suggest that the increase in body mass in A. interpres is related to migration distances. In Europe, where breeding sites are closer to the wintering sites, mass gain is reduced and concentrated into a single month (May); along the north-northeastern coast of Brazil and Mauritania (at relatively equivalent latitudes) body mass accumulation was between 30 and 35% during two months (April and May); in these same two months in Brazilian south coast and South Africa, the increase came to 45 and 44%, respectively. The largest average departure masses was also observed in Brazilian south coast and South Africa, between 143 and 155 g, while the average departure masses varied between 124 and 135 g in the other regions. ZWARTS et al. (1990) reported that the departure mass could not be reliably estimated from the average mass of birds with intermediate or breeding plumage. The authors suggest an estimate using the largest masses of half of the frequency of those birds. In the present work, this estimated value would be 129 and 150 g, in the north-northeastern and south coast, respectively. However, as ZWARTS et al. (1990) observed, the birds are ready to leave when they have completed or suspended their pre-nuptial moult. As such, we assume that the departure mass is the body mass of those individuals with intermediate or breeding plumage that are not moulting, as was discussed earlier. The period in which the individuals have body masses greater than or equivalent to that departure mass occurs in the last two weeks of April and in the first weeks of May, similar to the situation reported by ENS et al. (1990) in Mauritânia. This period is considered the departure time for A. interpres from the Brazilian coast in their movement towards the Northern Hemisphere.
